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Abstract: Transverse stem sections of 11 species and 2 subspecies of the genus Galium L. from Egypt were studied by light
microscopy. Epidermal cell shape, cortex, xylem, and pith were of good taxonomic value between the taxa. Four types of stem shape
were discerned in the transverse sections. The shape of epidermal cells can be used to distinguish between subspecies of Galium
setaceum Lam. The cortex varied in size from wide to very narrow. The pith was wide or narrow, and solid or hollow, and was useful
for classifying species into groups. A key for the identification of the investigated taxa based on anatomical characters is provided.
Key Words: Anatomy, Galium, Rubiaceae, stem, transverse section

Introduction
The Rubiaceae is one of the 5 largest plant families,
comprising approximately 650 genera and more than
1200 species, which are distributed worldwide, though
chiefly in tropical regions (Delprete, 1999a).
Torres et al. (2001) anatomically studied the stems and
leaves of Galium crespianum Rodr. from 2 different localities
(Pytiusic and Gymnesic islands of the Balearics). They
observed that the structures of the stems and leaves were
very similar in Galium crespianum and G. friedrichii N.
Torres, L. Saez, Mus & Rossello. Internal differences were
observed mainly in the cross-sectional shape of the stems.
Plants from Pytiusic Island had (sub-) quadrangular stems,
whereas those from Mallorca were rhombic, with prominent
keels. Stomata were more prominent in the epidermis of the
Pytiusic samples than in the Gymnesic plants; also, epidermal
cells were bigger and wider in the former.
In Flora of Egypt Rubiaceae is represented by 8
genera: Kohautia Cham. & Schlecht.; Oldenlandia L.;
Galium L.; Valantia L.; Callipeltis Steven; Crucianella L.;
Pterogaillonia Lincz., and Rubia L. (Boulos, 1995, 2000).
Abdel Khalik and Bakker (2007) reported Cruciata
articulata (L.) Ehrend. as a new record for the flora of

Egypt, increasing the number of Rubiaceae genera to 9.
Abdel Khalik et al. (2007) studied the pollen morphology
of 11 species of the genus Galium from Egypt and
differentiated 3 groups based on the size of pollen grains.
Two different types of exine ornamentation were
recognised and used to distinguish between the closely
related species G. aparine L. and G. spurium L., and
between G. tricornutum Dandy and G. ceratopodum
Boiss. Abdel Khalik et al. (2008) investigated the fruit
(mericarp) and seed morphology of 13 species from the
genus Galium in Egypt and described 4 mericarp surface
types. Three seed anticlinal cell wall boundary types were
described, as well as 3 outer periclinal cell wall shapes.

Galium is one of the largest genera of Rubiaceae, with
some 400 species (Willis, 1985; Mabberley, 1987). In
Egypt the genus Galium is represented by 12 species
according to Täckholm (1974), while Boulos (2000)
reported only 10 species of Galium.
The aim of this study was to investigate the
anatomical characters of 13 taxa of the genus Galium in
Egypt, and to identify characters that can be used to
distinguish among species based on stem anatomical
structure.

* E-mail: kadry3000@yahoo.com
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Materials and Methods
The present study was based on fresh and dried
collections (Table 1). Fresh material was fixed in formalinglacial acetic acid (FAA) and 70% ethyl alcohol.
Fully mature branches were chosen. The dried
herbarium specimens were first softened with glycerine
and ethyl alcohol. For stem anatomy 20-30-μm sections
of the stems were made with a Reichert sliding
microtome. To double stain the cross sections, safranin
(2%) and light green (1%) were used in combination,
according to Metcalfe and Chalk (1950). Sections were
examined using an Olympus BX51 light microscope.
Photomicrographs were taken with an Olympus DP12
photomicroscope in Central Laboratory, Botany
Department, Faculty of Science, Sohag University, Egypt.

circular. The shape of epidermal cells varied from
tangentially elongate to radially elongate and cuticles
ranged from thin to thick. The cortex ranged from very
narrow to wide. The vascular system varied among
species; the phloem varied from narrow to very narrow
and the xylem from wide to very wide. The pith ranged
from narrow to wide and from hollow to solid. All
morphological characters as observed with light
microscopy are presented in Table 2 and Figures 1-13.
Discussion
1. Stem Shape
The outer shape of the stem was useful for
distinguishing between subspecies of Galium setaceum
Lam; it was quadrangular in subsp. setaceum and more or
less circular in subsp. decaisnei (Boiss.) Ehrend. (Table 2).
2. Epidermal Cell Shape

Results
Stem anatomical characters were important in
differentiating between species in the genus Galium. The
outer shape of the stem varied from quadrangular to

Epidermal cell shape was used to distinguish between
subspecies of Galium setaceum. It was tangentially
elongate in subspecies decaisnei, but radially elongate in
subspecies setaceum.

Table1. Galium specimens used for anatomical investigation
N

Taxon

1

Galium aparine L.

2

G. canum Req.

3

G. ceratopodum Boiss.

4

G. mollugo L.

5

G. murale L.

6

G. nigricans Boiss.

7

G. parisiense L.

8

G. setaceum. Lam. subsp.
setaceum.
G. setaceum Lam. subsp.
decaisnei. (Boiss.) Ehrend.
G. sinaicum (Delile ex Decne.)
Boiss.
G. spurium L. subsp. spurium.

W. J. Reijnders
1144
Abdel Khalik, K.
s.n.
Abdel Khalik, K.
el al. 1946-2033
Abdel Khalik, K.
et al. 2034-2035
A. Elkordy. s.n.

G. spurium subsp. africanum
Verdc.
G. tricornutum Dandy.

Abdel Khalik, K.
s.n.
De Bullemon s.n.

9
10
11
12
13
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Collector and
number
Magda 376

Place of collection

Ethiopia, prov. Beghomdir, Buhahit-berg, Semien
mountains National park, Verfallie, Alt 4050m
(WAG)
P.H. Davis 5038 Palestina, Wadi Sawanit, below Michmas (Judea)
(K)
Abdel Khalik, K. Egypt, Sinai, Wadi gebal region, Ain Altofaha
1956
(SHG)
F. I. van Nek 1027 France, Haut, Garonne, Péguilhan, (6 km NE of
Boulogne s / Gesse). Lajous, near Cabane (WAG)
Letuneux 197
Egypt In cultivated land, near Maruit (K)
M. JacoBs 6938

Iran, Kordestan, Sanandaj, rolling limestone hills
Alt 1800 (WAG)
France, 5 km E. of Cavarllon (L)

Date of collection
16. 9. 1974

20.12.1942
26.4.2004
11.9.1992
3. 3. 1878
17.6.1963
15. 4. 1952

Egypt, Gebel Elba, wadi Drawina (SHG)

3.3.1999

Egypt, Sinai, Gebel Serbal, Alt 1684 (SHG)

26.4.2004

Egypt, Sinai, Gebel Serbal (SHG)

22.4.2004

Egypt, Sohag city, near Akhmem bridge (SHG)

8.3.2006

Egypt, Gebel Elba, Wadi Drabia (SHG)

3.3.1999

Egypt, Alexandria (BR)

3. 1868

quadrangular
quadrangular

G. murale L.

G. nigricans Boiss.

G. parisiense L.

G. setaceum. Lam.
subsp. setaceum.
G. setaceum Lam. subsp.
decaisnei. (Boiss.)
Ehrend.
G. sinaicum (Delile ex
Decne.) Boiss.
G. spurium L. subsp.
spurium
G. spurium subsp.
africanum Verdc.
G. tricornutum Dandy.

5

6

7

8

13

12

11

10

quadrangular

quadrangular

quadrangular

tangentially
elongated
tangentially
elongated
tangentially
elongated
tangentially
elongated

more or less
circular
quadrangular

G. mollugo L.

4

quadrangular

quadrangular

G. ceratopodum Boiss.

3

tangentially
elongated

more or less
circular
quadrangular

G. canum Req.

2

tangentially
elongated
tangentially
elongated
tangentially
elongated
tangentially
elongated
radially to
tangentially elongate
radially to
tangentially elongate
radially to
tangentially elongate
radially elongate

Epidermal cell
shape

more or less
circular

quadrangular

Galium aparine L.

1

9

Stem shape
in T.S

Species

Character

N

thick

thin

thin

thin

thin

thin

thin

thin

thin

thin

thin

thin

thin

Cuticle

very
narrow
very
narrow

wide

narrow

very
narrow
very
narrow
very
narrow
narrow

very
narrow
narrow

narrow

very
narrow
wide

Cortex

Table 2. Summary of differential anatomical characters in Galium spp.

2-3 Chlo. +
2-3 Paranch
2 Chlo. +
3-5 Paranch
1 Chlo.
1-2 Paranch
1-2 Chlo. +
1-2 Paranch

1-2 Chlo. +
1-2 Paranch
1-2 Chlo. +
2-3 Paranch

1-2 Chlor + 1-2
Paranch.
2-3 Chlor. +
8-9 Paranch.
2-3 Chlo. +
2-3 Paranch
1-2 Chlo. +
1-2 Paranch
2-3 Chlo. +
2-3 Paranch
2-3 Chlo. +
0-1 Paranch
2-3 Chlo.

No. of cortex
layer

very
narrow
narrow

very
narrow
narrow

very
narrow
very
narrow
very
narrow
very
narrow
very
narrow

very
narrow
narrow

very
narrow
narrow

Phloem

narrow

narrow

very
wide
narrow

very
wide

wide

wide

wide

narrow

narrow

very
wide
narrow

narrow

Xylem

arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner

arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner
arranged in an
irregular manner

Vessel
members

wide, hollow

wide, solid outside,
hollow inside
narrow, hollow

narrow, solid

narrow, hollow

wide, hollow

wide, hollow

narrow, hollow

wide solid outside,
hollow inside
narrow, solid outside,
hollow inside
wide, solid outside,
hollow inside
wide, solid outside,
hollow inside
wide, hollow

Pith
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Epidermal cells were covered by a thin or thick cuticle
layer. In Galium tricornutum Dandy it was thick and it was
thin in all the other studied species.
3. Cortex
The cortex is of taxonomic value in distinguishing
between specific and infraspecific taxa. It differed
between closely related species such as Galium aparine
and G. spurium subsp. spurium. In Galium aparine the
cortex was very narrow, and composed of 1-2 outer
layers of chlorenchyma and 1-2 inner layers of spongy
parenchyma (Figure 1B). In Galium spurium subsp.
spurium the cortex was wide, and composed of 2 outer
layers of chlorenchyma and 3-5 inner layers of spongy
parenchyma (Figure 11B). Additionally, the cortex was
useful for distinguishing Galium ceratopodum from G.
tricornutum. In Galium ceratopodum the cortex was
narrow, and composed of 2-3 outer layers of
chlorenchyma and 2-3 inner layers of spongy parenchyma
(Figure 3B), while in Galium tricornutum it was very
narrow, and composed of 1-2 outer layers of
chlorenchyma and 1-2 inner layers of spongy parenchyma
in (Figure 13B). These results are in agreement with
those of Adel Khalik et al. (2007 and 2008), who
distinguished between G. aparine and G. spurium, and
between G. tricornutum and G. ceratopodum based on
the morphological characters of pollen grains and fruit
morphology. Moreover, the cortex can be used to
differentiate between subspecies of Galium setaceum and
G. spurium, as it is very narrow, and composed of 1-2
outer layers of chlorenchyma and 1-2 inner layers of
spongy parenchyma in G. setaceum subsp. setaceum
(Figure 8B), and it is narrow, and composed of 1-2 outer
layers of chlorenchyma and 2-3 inner layers of spongy
parenchyma in G. setaceum subsp. decaisnei (Figure 9B).
Furthermore, the cortex could be used to differentiate
between subspecies of Galium spurium. In Galium
spurium subsp. spurium (Figure 11B) the cortex is wide,
and composed of 2 outer layers of chlorenchyma and 3-5
inner layers of spongy parenchyma, whereas it is very
narrow, and composed of 1 outer layer of chlorenchyma
and 1-2 inner layers of spongy parenchyma in G. spurium
subsp. africanum Verdc. (Figure 12B).
4. Vascular System
The vascular system consisted of numerous secondary
vascular bundles situated very close to each other, so that
the intervascular regions were difficult to distinguish. The
vascular tissue formed a continuous complete cylinder.
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Goodman (2005) showed that vascular tissue is
composed largely of secondary xylem with vessels, fibres,
and sclerified parenchyma. Staining with phloroglucinol
showed that the cell walls were lignified. The vessel
members were arranged in an irregular manner.
4.1. Phloem
Generally, the phloem was primary (without any
fibres); it formed a narrow continuous cylinder between
the cortex and xylem. The phloem was of little taxonomic
value, and it varied from narrow to very narrow.
4.2. Xylem
In some cases xylem width was of good taxonomic
value, particularly between infraspecific taxa. It was
useful for differentiating between subspecies of Galium
setaceum as it was wide in G. setaceum subsp. setaceum
(Figure 8B) and very wide in G. setaceum subsp. decaisnei
(Figure 9B).
5. Pith
Pith diameter plays a significant role within the genus
Galium. In some cases, the pith is of good taxonomic value
between taxa and can be used to differentiate between
infraspecific taxa, such as subspecies of Galium setaceum.
While it is wide in subsp. setaceum (Figure 8A), it is
narrow in subsp. decaisnei (Figure 9A). The same
difference was observed between subspecies of Galium
spurium; the pith is wide, solid outside, and hollow inside
in subsp. spurium (Figure 11A), but narrow and hollow in
subsp. africanum (Figure 12A).
Key to the studied species based on anatomical
characters.

1a. Outline shape of the stem cross section,
quadrangular...................................................2
1b.

Outline shape of the stem cross section, more or
less circular....................................................11

2a.

Pith, wide........................................................3

2b.

Pith, narrow....................................................9

3a.

Xylem, wide ....................................................4

3b.

Xylem, narrow ................................................5

4a.

Epidermal cells, tangentially to radially
elongate.........................................G. parisiense

4b.

Epidermal cells, radially elongate.................G.
setaceum subsp. setaceum
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Figures 1-3. Photomicrographs of transverse stem sections: A) entire
transverse stem section; B) enlargement of stem showing
internal structure. Bars indicate size. 1. Galium aparine. 2.
Galium canum. 3. Galium ceratopodum.

Figures 4-6. Light microscope photographs of stem transverse sections.
4. Galium mollugo. 5. Galium murale. 6. Galium nigricans.

5a.

Cortex, wide...............G. spurium subsp. spurium

and 0-1 layer of spongy parenchyma...G. nigricans

5b.

Cortex, narrow or very narrow .........................6

6a.

Cortex, narrow...........................G. ceratopodum

6b.

Cortex, very narrow.........................................7

10b. Epidermal cells, tangentially elongate; cortex
composed of 1 layer of chlorenchyma and 1-2
layers of spongy parenchyma.....G. spurium subsp.
africanum

7a.

Cuticle layer, thick; pith, hollow...................G.
tricornutum

11a.

7b.

Cuticle layer, thin; pith, solid above, hollow
below............................................................. 8

11b. Epidermal cells, tangentially elongate; xylem, very
wide..............................................................12

8a.

Phloem, narrow continuous cylinder.....G. mollugo

12a.

8b.

Phloem, very narrow continuous cylinder......G.
aparine

9a.

Xylem, very wide; pith, solid......................G.
sinaicum

9b.

Xylem, wide or narrow...................................10

10a.

Epidermal cells, radially to tangentially elongate;
cortex composed of 2-3 layers of chlorenchyma

Epidermal cells, radially to tangentially elongate;
xylem vessels, narrow....G. murale

Cortex, wide, and composed of 2-3 outer layers of
chlorenchyma and 8-9 inner layers of spongy
parenchyma; pith, solid above, hollow
below..................................................G. canum

12b. Cortex, narrow, and composed of 1-2 outer layers
of chlorenchyma and 2-3 inner layers of spongy
parenchyma; pith, hollow.........G. setaceum subsp.
decaisnei
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Figures 7-9. Photomicrographs of transverse stem sections. 7. Galium
parisiense. 8. Galium setaceum subsp. setaceum. 9. Galium
setaceum subsp. decaisnei.

Figures 10-13. Photomicrographs of transverse stem sections. 10.
Galium sinaicum. 11. Galium spurium subsp. spurium.
12. Galium spurium subsp. africanum. 13. Galium
tricornutum.

Conclusion

between infraspecifics of Galium setaceum and Galium
spurium. The phloem was of little taxonomic value and
varied from narrow to very narrow.

According to the shape and quantity of xylems, and
diameter of the piths in the transverse sections, the
examined species were classified into 4 types. The shape
of epidermal cells was of little taxonomic value within the
genus Galium, varying as follows: tangentially, radially,
and radially to tangentially elongate, and covered by a
thick or thin cuticle layer. The cortex varied from wide to
very narrow, and was of taxonomic value for
differentiating between specific and infraspecific taxa. It
distinguished between closely related species such as
Galium aparine and G. spurium subsp. spurium, and
between Galium ceratopodum and G. tricornutum.
Additionally, the cortex could be used to differentiate
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Perennial species, such as Galium canum and G.
sinaicum, have a larger quantity of xylem than herbaceous
species; however, among the examined species xylem
width varied from very wide to narrow. The xylem
presented powerful characters for classifying the
examined species into groups. The pith was wide or
narrow, and solid or hollow, and was useful for
classifying the species into groups and for distinguishing
between species and subspecies.
A key for the identification of the investigated taxa
based on anatomical characters is provided.
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